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Minimally processed leafy vegetables are ready-to-eat (RTE) products very attractive to consumers
looking for healthy and convenient meals. However, the microbiological safety of these foods is of special
concern due to the absence of lethal treatments during processing. In the present study, indicator
microorganisms, Listeria spp. and Salmonella spp. were determined for 162 samples of minimally pro-
cessed leafy vegetables commercialized in Brazil. Psychrotrophic aerobic bacterial populations
>5 log CFU/g were found in 96.7% of the samples, while total and thermotolerant coliforms were
detected respectively in 132 (81.5%) and 107 (66%) of vegetables analyzed. Escherichia coli was present in
86 (53.1%) samples analyzed and Listeria spp. and Salmonella spp. were detected respectively in 6 (3.7%)
and 2 (1.2%) samples. These results indicate the need of implementing quality programs in the
production chain of RTE vegetables to improve shelf life and microbiological safety.
 2011 Elsevier Ltd. Open access under the Elsevier OA license.1. Introduction
Demographic changes related to aging of population and new
trends of life style with an increasing demand for minimally pro-
cessed ready-to-eat (RTE) foods has changed the scenario of food-
borne diseases worldwide, with important economic and social
impacts (Kennedy & Wall, 2007; Meng & Doyle, 2002). RTE vege-
tables can be obtained from the fresh products through selection,
washing, peeling, cutting, sanitization, rinsing, drying and pack-
aging, in order to extend shelf life and preserve nutritive and
sensorial properties (Francis, Thomas, & O’Beirne, 1999). These
steps may not be efﬁcient to eliminate contamination of RTE
vegetables with parasites and viruses and besides this, the storage
under refrigeration may favor the growth of psychrotrophic path-
ogenic and spoilage microorganisms (Aguado, Vitas, & García-Jalón,
2004; Gleeson & O’Beirne, 2005).
In the USA, minimally processed vegetables are marketed since
the 1970’s, but in Brazil, this kind of product became commercially
available only in the past two decades. Nowadays, RTE vegetables
represent an important food market in Brazil and, the large
supermarket chains are responsible for 10%e13% of total sales
(Moretti, 2007; SEBRAE/ESPM, 2008; Silva et al., 2004). However, itx: þ55 16 3602 4725.
is).
evier OA license.is not simple to preserve the natural attributes of vegetables, since
processing frequently causes mechanical injuries of tissues, leading
to loss of water and color changes (browning or discoloration). Also,
the formation of exudates rich in minerals, sugars, vitamins and
other nutrients may support the growth of autochthonous micro-
biota (Soares & Geraldine, 2007).
Packing under modiﬁed atmosphere helps to extend shelf life of
RTE vegetables and may act also as protective barrier against
insects, rodents and microorganisms (Soares & Geraldline, 2007).
Other technologies with potential to increase quality and safety of
these products have been studied, such as ionizing radiation and
the use of biopreservative cultures and/or their metabolites
(Galvez, Lopez, Abriouel, Valdinia, & Ben Omar, 2008; Martins et al.,
2004).
During harvest, the superﬁcial microbiota of vegetables
comprises mainly Gram negative saprophytes, but pathogenic
microorganisms can also be found. Vegetables may harbor patho-
genic Escherichia coli and Salmonella spp. e enteric bacteria
involved in large foodborne outbreaks worldwide, causing symp-
toms of gastroenteritis, and even chronic infections (D’Aoust, 2007;
Francis et al., 1999). Listeria monocytogenes can also contaminate
RTE vegetables and it is a psychrotolerant and ubiquitous micro-
organism that causes listeriosis, an atypical infection with low
mortality but high fatality rates among the elderly, pregnant
women and immunocompromised individuals (Abadias, Usall,
Anguera, Solsona, & Viñas, 2008; Beuchat, 1996; FDA, 2003).
Table 1
Average populations of psychrotrophic aerobic bacteria present in the
minimally processed leafy vegetable samples analyzed.
Samples log CFU/ga
Arugula 9.4









a Colony Forming Units per gram of food.
Table 2
Occurrence of coliforms and Escherichia coli in samples of leafy vegetables minimally
processed.
Sample Na Total coliforms Thermotolerant
coliforms
Escherichia coli
n (%)b n (%)b n (%)b
Arugula 6 6 (100) 4 (66.7) 3 (50.0)
Spring onion/parsley
mixture
22 22 (100) 22 (100) 21 (95.6)
Spinach 9 9 (100) 6 (66.7) 6 (66.7)
Wild chicory 13 13 (100) 11 (84.6) 6 (46.2)
Chicory 11 11 (100) 8 (72.7) 7 (63.3)
Cabbage 28 28 (100) 14 (50.0) 14 (50.0)
Chinese cabbage 13 13 (100) 7 (53.8) 2 (15.4)
Kale 30 30 (100) 25 (83.3) 21 (70.0)
Letucce 26 22 (78.6) 8 (30.8) 5 (19.2)
Watercress 4 4 (100) 2 (50.0) 1 (25.0)
Total 162 158 (97.5) 107 (66.0) 86 (53.1)
a Number of samples analyzed.
b Number and percentage of positive samples.
M.A. de Oliveira et al. / Food Control 22 (2011) 1400e1403 1401The objective of the present study was to assess the microbio-
logical quality of RTE salads consumed in Brazil aiming to guide
future improvement of food safety measures.
2. Material and methods
2.1. RTE vegetable samples
One hundred and sixty two samples of minimally processed
leafy vegetables (300 g-packages), were randomly acquired from
six supermarket chains in the city of Ribeirão Preto, São Paulo,
located in the southeast region of Brazil and included: 30 kale, 28
cabbage, 26 lettuce, 22 mixtures of spring onion and parsley, 13
Chinese cabbage, 13 wild chicory, 11 chicory, 9 spinach, 6 arugula
and 4 watercress. All the samples were obtained in the original
package, within the shelf life of up to 8 days, as declared on labels.
Samples were transported to the laboratory in insulated boxes and
analyzed on the day of purchase.
2.2. Microbiological analyses
Aerobic psychrotrophic bacteria as well as total and thermoto-
lerant coliforms and Escherichia coli were quantiﬁed using classical
methodologies, with the results being expressed as colony forming
units (CFU/g) and most probable number (MPN), respectively
(Blodgett, 2006; Kornacki & Johnson, 2001; Swanson, Petran, &
Hanlin, 2001).
To isolate Salmonella spp. 25 g of each vegetable sample were
transferred to sterile plastic bags and homogenized with 225 ml of
1% (w/v) buffered peptonewater (BPW) (Merck, Germany) and kept
at room temperature for 60 min. The pH was adjusted to 6.8  0.2
and the isolation was carried out according to Andrews, Flowers,
Silliker, and Bailey (2001). Results were obtained as Presence or
Absence of Salmonella spp. in 25 g of food and the isolates were
serotyped according to Popoff, Bockemühl, Brenner, and Gheesling
(2001).
The immunoassay Listeria Rapid Test (Oxoid Ltd., Basingstoke,
Hampshire, England) was used to detect Listeria spp., according to
instructions of manufacturer. To check the performance of immu-
noassay and to score positive samples for Presence or Absence of
L. monocytogenes, aliquots of Half Fraser enrichment broth were
streaked on plates containing Oxford (OX) and Palcam (PAL) agars
(Oxoid Ltd.) and incubated for 48 h at 35 C, for presumptive
detection of Listeria spp. Three to ﬁve typical black colonies from
each agar were picked, puriﬁed on Tripticase Soy agar plus 0.6%
yeast extract plates (Oxoid Ltd.) and those with blue appearance
under oblique transmitted light were selected for biochemical
identiﬁcation (Hitchins, 2003).
3. Results and discussion
The quality and safety ofminimally processed vegetables depend
on the use of appropriate irrigationwater and good practices during
manipulation, but inherent risks of contaminationdue to cultivation
in close contact with soil and organic fertilizers make difﬁcult the
control of pathogenic and spoilage microorganisms. Table 1 shows
high populations of psychrotrophic aerobic bacteriawere present in
minimally processed vegetable samples analyzed in the present
work, suggesting a short shelf life for the product and poor hygienic
quality, likely due to the use of highly contaminated raw material,
lack of good hygienic practices during processing and/or inadequate
temperature of storage (Bruno, Queiróz, Andrade, Vasconcelos, &
Borges, 2005). However, upon subjective visual and olfactory
inspection, all the samples analyzed in thepresentwork appeared to
be suitable for consumption.In this study, coliforms were detected in the majority of samples
ofminimally processed vegetables (Table 2) with populations above
3 log MPN/g for 81.5% (data not shown), which may also contribute
for decreasing the shelf life of products (Berbari, Paschoalino, &
Silveira, 2001). Besides this, Table 2 reveals that thermotolerant
coliforms were found in 66% of minimally processed vegetable
samples, with populations higher than 2 log MPN/g for 69.2% of
them (data not shown). Paula, Rodrigues, Tórtora, Uchoa, and Farage
(2003) also reported high counts of thermotolerant coliforms
(>2 log MPN/g) for the majority of samples of vegetables served in
a restaurant in Rio de Janeiro, Brazil. The values obtained for ther-
motolerant coliforms is higher than themaximumvalue allowed by
the Brazilian legislation for this type of food, which is 102 MPN/g for
indicative samples (Brasil, 2001).
In our study, E. coli was detected in 53.1% of the samples (with
populations ranging from 1 to 6 log MNP/g e data not shown)
and the most contaminated vegetables were the mixtures of
spring onion/parsley and kale, while lettuce samples were the
less contaminated (Table 2). According to literature, E. coli is more
suitable than thermotolerant coliforms as indicator of fecal
contamination because it better correlates with potential
contamination by enteric pathogens (Doyle & Erickson, 2006).
The rate of contamination by E. coli found in the present study
was higher than those reported by Abadias et al. (2008) for
samples of fresh chopped vegetables in Spain (11.4%) and by
Sagoo, Little, Ward, Gillespie, and Mitchell (2003) for vegetable
salads from United Kingdom (1.3%). However, Prado et al. (2008)
reported high of contamination by E. coli in Brazilian samples of
minimally processed vegetables (30%).
M.A. de Oliveira et al. / Food Control 22 (2011) 1400e14031402Populations of E. coli are often used for monitoring the
sanitary conditions of foods, but selected serotypes of this
species may also be involved in cases of foodborne diseases. In
this paper, no further subtyping of the E. coli isolates was done,
but EHEC (enterohemorrhagic E. coli) and EPEC (classical
enteropathogenic E. coli) strains have emerged as important
pathogens and have been responsible for foodborne outbreaks in
many countries. As reported by the Centers for Disease Control
and Prevention e USA, in 2006 and 2010 there were two major
multiple states outbreaks involving E. coli O157:H7 and E. coli
O145, associated with spinach and romaine lettuce, respectively
(CDC, 2010).
With regard to Salmonella spp., 2 samples of wild chicories out
of the samples of minimally processed vegetables analyzed in this
study were contaminated (1.2%) and the isolates were serotyped as
S. Madelia and S. London. The Salmonella positive samples also
presented high populations of thermotolerant coliforms and
aerobic psychrotrophic bacterial populations (data not shown). This
rate of isolation is low if compared to results of Bruno et al. (2005)
for samples of minimally processed vegetables commercialized in
northeast Brazil (46.7%), but it is similar to ﬁndings of Fröder et al.
(2007) for minimally processed leafy vegetables commercialized in
city of São Paulo, Brazil (3%). These data are of special concern since
Salmonella was the etiological agent identiﬁed in 34.7% of the
foodborne outbreaks elucidated with laboratorial conﬁrmation in
State of São Paulo from 1999 to 2004 (SVS, 2005).
To date, there are no reported cases of listeriosis linked to
consumption of foods in Brazil, but L. monocytogenes is recognized
as an important foodborne pathogen worldwide. In the present
work, L. innocua and L. monocytogenes were the most prevalent
species, as reported by Farber and Peterkin (1991) for distribution
of Listeria spp. in foods. Listeria spp. was present in 6 out of 162
samples of vegetables evaluated, with presence of L. monocytogenes
in 2 (1.2%) samples (chopped kale and mixture of spring onion/
parsley) and of L. innocua in 4 (2.4%) samples (kale, spinach,
mixture of spring onion/parsley and Chinese cabbage). The positive
samples for L. monocytogenes presented populations of aerobic
psychrotrophic bacteria and thermotolerant coliforms above
6 log CFU or MPN/g and were also positive for E. coli.
Overall occurrence of L. monocytogenes in the vegetables
analyzed in this study was low, in accordance with previous results
presented by Porto and Eiroa (2001) and Fröder et al. (2007) who
found respectively 3.2% and 0.6% of samples positive for L. mono-
cytogenes (lettuce, parsley, watercress and spinach) among diverse
vegetable samples from Brazilian markets surveyed. Fröder et al.
(2007) also reported the isolation of L. innocua (0.9%) and L. wel-
shimeri (0.6%) from lettuce samples. Data from USA reported by Lin,
Fernando, and Wei (1996) reinforces that the prevalence of
L. monocytogenes in salad samples is low (1.6%). However, con-
ﬂicting results were reported by Ponniah et al. (2010) in a study in
Malaysia, where L. monocytogenes was detected in 22.5% of mini-
mally processed vegetables analyzed.
The low prevalence of L. monocytogenes in RTE foods must be
carefully evaluated, since false negative results may be obtained
due to low population of Listeria spp. in comparison with the
backgroundmicrobiota, the possibility of occurrence of sub-lethally
injured listerial cells and to better growth of non-monocytogenes
species in selective enrichment broths (Bruhn, Vogel, & Gram,
2005).
In conclusion, the presented results revealed thatmajority of the
ready-to-eat leafy vegetable samples analyzed presented poor
microbiological quality and it indicates the need of adoption of
hygienic practices by food processors and consumers to minimize
the risks of transmission of foodborne pathogens through this kind
of foods.Acknowledgments
Authors are grateful for a grant from São Paulo state Foundation
for Support of Science e FAPESP (Process #2006/06401-3) and to
the Bacteriological Section of the Central Laboratory of the Instituto
Adolfo Lutz, SP, Brazil, for serotyping of Salmonella spp.References
Abadias, M., Usall, J., Anguera, M., Solsona, C., & Viñas, I. (2008). Microbiological
quality of fresh, minimally-processed fruit and vegetables, and sprouts from
retail establishments. International Journal of Food Microbiology, 123(1e2),
121e129.
Aguado, V., Vitas, A. I., & García-Jalón, I. (2004). Characterization of Listeria mono-
cytogenes and Listeria innocua from a vegetable processing plant by RAPD and
REA. International Journal of Food Microbiology, 90(3), 341e347.
Andrews, W. H., Flowers, R. S., Silliker, J., & Bailey, J. S. (2001). Salmonella. In
F. P. Downes, & K. Ito (Eds.), Compendium of methods for the microbiological
examination of foods (pp. 357e380). Washington, DC: American Public Health
Association (APHA).
Berbari, S. A. G., Paschoalino, J. E., & Silveira, N. F. A. (2001). Effect of chlorine in the
washing water for desinfection of minimally processed lettuce. Ciência e Tec-
nologia de Alimentos, 21(2), 197e201.
Beuchat, L. R. (1996). Listeria monocytogenes incidence on vegetables. Food Control,
7(4/5), 223e228.
Blodgett, R. (2006). Most probable number from serial dilutions. Available at
Bacteriological Analytical Manual Online, Appendix 2 http://www.cfsan.fda.gov/
webam/bam-10.html Accessed 08.08.08.
Brasil. (2001 January 10). Agência Nacional de Vigilância Sanitária (ANVISA). Reso-
lução e RDC n 12 de 02 janeiro de 2001. Aprova o regulamento técnico sobre
padrões microbiológicos para alimentos. Poder Executivo, Brasília, DF: Diário
Oﬁcial da República Federativa do Brasil. Sec. 1:45e53.
Bruhn, J. B., Vogel, B. F., & Gram, L. (2005). Bias in the Listeria monocytogenes
enrichment procedure: lineage 2 strains out compete lineage 1 strains in
University of Vermont selective enrichments. Applied and Environmental
Microbiology, 71(2), 961e967.
Bruno, L. M., Queiróz, A. A. M., Andrade, A. P. C., Vasconcelos, N. M., & Borges, M. F.
(2005). Microbiological evaluation of vegetables and fruits minimally processed
marketed in Fortaleza (CE). Boletim do Centro de Pesquisa de Processamento de
Alimentos, 23(1), 75e84.
Centers for Disease Control and Prevention (CDC). (2010). E. coli outbreaks investi-
gations. Available at http://www.cdc.gov/ecoli/outbreaks.html Accessed 25.01.11.
Doyle, M. P., & Erickson, M. C. (2006). Closing the door on the fecal coliform assay.
Microbe, 1(4), 162e163.
D’Aoust, J.-Y. (2007). Current foodborne pathogens: salmonella. In M. Storrs, M.-
C. Devoluy, & P. Cruveiller (Eds.), Food safety handbook: Microbiological chal-
lenges (pp. 128e141). France: BioMérieux Education.
Farber, J. M., & Peterkin, P. I. (1991). Listeria monocytogenes, a food-borne pathogen.
Microbiological Reviews, 55(3), 476e511.
Food and Drug Administration (FDA) and Department of Agriculture, Food Safety
and Inspection Services (USDA FSIS). (2003). Quantitative assessment of the
relative risk to public health from foodborne Listeria monocytogenes among
selected categories of ready-to-eat foods. Available at http://www.foodsafety.gov/
wdms/Imr2-toc.htm/ Accessed 03.08.08.
Francis, G. A., Thomas, C., & O’Beirne, D. (1999). The microbiological safety of mini-
mally processed vegetables. International Journal of Food Science and Technology,
34(1), 1e22.
Fröder, H., Martins, C. G., Souza, K. L. O., Landgraf, M., Franco, B. D. G. M., &
Destro, M. T. (2007). Minimally processed vegetable salads: microbial quality
evaluation. Journal of Food Protection, 70(5), 1277e1280.
Galvez, A., Lopez, R. L., Abriouel, H., Valdivia, E., & Ben Omar, N. (2008). Application
of bacteriocins in the control of foodborne pathogenic and spoilage bacteria.
Critical Reviews in Biotechnology, 28(2), 125e152.
Gleeson, E., & O’Beirne, D. (2005). Effects of process severity on survival and growth
of Escherichia coli and Listeria innocua on minimally processed vegetables. Food
Control, 16(8), 677e685.
Hitchins, A. D. (2003). Food and drug administration and center for food safety &
applied nutrition (FDA/CFSAN). Detection and enumeration of Listeria mono-
cytogenes in foods. Bacteriological analytical manual. Available at http://www.
cfsan.fda.gov/webam/bam-10.html Accessed 27.06.07.
Kennedy, J., & Wall, P. (2007). Food safety challenges. In M. Storrs, M.-C. Devoluy, &
P. Cruveiller (Eds.), Food safety handbook: Microbiological challenges (pp. 8e19).
France: BioMérieux Education.
Kornacki, J. L., & Johnson, J. L. (2001). Enterobacteriaceae, coliforms, and Escherichia
coli as quality and safety indicators. In F. P. Downes, & K. Ito (Eds.), Compendium
of methods for the microbiological examination of foods (pp. 69e82). Washington,
DC: American Public Health Association (APHA).
Lin, C.-M., Fernando, S. Y., & Wei, C.-I. (1996). Occurrence of Listeria monocytogenes,
Salmonella spp., Escherichia coli and E. coli O157:H7 in vegetable salads. Food
Control, 7(3), 135e140.
Martins, C. G., Behrens, J. H., Destro, M. T., Franco, B. D. G. M., Vizeu, D. M.,
Hutzer, B. W., & Landgraf, M. (2004). Gamma radiation in the reduction of
M.A. de Oliveira et al. / Food Control 22 (2011) 1400e1403 1403Salmonella spp. inoculated on minimally processed watercress (Nasturtium
ofﬁcinalis). Radiation Physics and Chemistry, 71(1e2), 89e93.
Meng, J., & Doyle, M. P. (2002). Introduction Microbiological food safety. Microbes
and Infection, 4(4), 395e397.
Moretti, C. L. (2007). Aspectos Gerais da Tecnologia de Processamento Mínimo de
Frutas e Hortaliças: Panorama do processamento mínimo de frutas e hortaliças.
In C. L. Moretti (Ed.), Manual de Processamento Mínimo de Frutas e Hortaliças
(pp. 25e40). Brazil, Brasília, DF: Embrapa Hortaliças.
Paula, P., Rodrigues, P. S. S., Tórtora, J. C. O., Uchôa, C. M. A., & Farage, S. (2003).
Microbiological and parasitological contamination of lettuce (Lactuca sativa)
from self service restaurants of Niterói city, RJ. Revista da Sociedade Brasileira de
Medicina Tropical, 36(4), 535e537.
Ponniah, J., Robin, T., Pale, M. S., Radu, S., Ghazali, F. M., Kqueen, C. Y., et al. (2010).
Listeria monocytogenes in raw salad vegetables sold at retail level in Malaysia.
Food Control, 21(5), 774e778.
Popoff,M. Y., Bockemühl, J., Brenner, F.W., & Gheesling, L. L. (2001). Supplement 2000
(n. 44) to the KauffmanneWhite scheme. Research in Microbiology, 152(10),
907e909.
Porto, E., & Eiroa, M. N. U. (2001). Occurrence of Listeria monocytogenes in vegeta-
bles. Dairy, Food Environmental and Sanitation, 21(4), 282e286.
Prado, S. P. T., Ribeiro, E. G. A., Capuano, D. M., Aquino, A. L., Rocha, G. M., &
Bergamini, A. M. M. (2008). Microbiological and parasitic quality and labeling
adequacy of minimally processed vegetables commercialized in Ribeirão Preto,
SP/Brazil. Revista do Instituto Adolfo Lutz, 67(3), 221e227.Sagoo, S. K., Little, C. L., Ward, L., Gillespie, I. A., & Mitchell, R. T. (2003). Microbi-
ological study of read-to-eat salad vegetables from retail establishments
uncovers a national outbreak of samonellosis. Journal of Food Protection, 66(3),
403e409.
Secretaria de Vigilância em Saúde (SVS). (2005). Vigilância epidemiológica das
doenças transmitidas por alimentos, 1999e2004. Boletim Eletrônico Epi-
demiológico, 5(6). Available at http://www.saude.gov.br/svs Accessed 03.08.08.
Serviço Brasileiro de Apoio às Micro e Pequenas Empresas/Escola Superior de
Propaganda e Marketing (SEBRAE/ESPM). (2008). Minimally processed vegeta-
bles: The market for minimally processed products. Available at http://201.2.114.
147/bds/bds.nsf/AD2DEFF96449FB0F832574DC0046776D/$File/NT0003907A.
pdf Accessed 10.03.10.
Silva, E. O., Puschman, R., Soares, N. F. F., Carnelossi, M. A. G., Moretti, C. L., &
Cenci, S. A. (2004). Minimally processing of vegetables in Brazil. In Publications
of Simposium Estado actual del mercado de frutos y vegetables cortados em
Iberamérica (pp. 87e99), San José, Costa Rica.
Soares, N. F. F., & Geraldine, R. M. (2007). Aspectos Gerais da Tecnologia de Proc-
essamento Mínimo de frutas e Hortaliças: Embalagens. In C. L. Moretti (Ed.),
Manual de Processamento Mínimo de Frutas e Hortaliças (pp. 153e172). Brazil,
Brasília, DF: Embrapa Hortaliças.
Swanson, K. M. J., Petran, R. L., & Hanlin, J. H. (2001). Culture methods for
enumeration of microorganisms. In F. P. Downes, & K. Ito (Eds.), Compendium of
methods for the microbiological examination of foods (pp. 53e62). Washington,
DC: American Public Health Association (APHA).
